Corn rootworms ( Diabrotica spp.) make up the major insect pest complex of corn in the US and Europe, and there is a need for molecular markers for genetics studies. We used an enrichment strategy to develop microsatellite markers from the western corn rootworm ( Diabrotica virgifera virgifera ). Of 54 loci isolated, 25 were polymorphic, and of these, 17 were surveyed for variability in 59 wild individuals. In addition, the potential for cross-amplification of these microsatellites was surveyed for Mexican, northern, and southern corn rootworms. Nine microsatellite loci showed Mendelian inheritance and are likely to be useful in population genetics studies.
The western ( Diabrotica virgifera virgifera LeConte), Mexican ( Diabrotica virgifera zeae Krysan & Smith), northern ( Diabrotica barberi Smith and Lawrence), and southern ( Diabrotica undecimpunctata howardi Barber) corn rootworms represent the main pest complex of corn in the United States (Levine & Oloumi-Sadeghi 1991) , causing losses of over $1 billion annually. The evolution of resistance to insecticides and crop rotation, the recent introduction and spread of the western corn rootworm in Europe, and the large-scale commercial deployment of rootworm-active transgenic corn in North America have generated growing interest in Diabrotica genetics research and the need for molecular markers. We report the development of microsatellites for the western corn rootworm and the results of crossamplification of these markers in the other three rootworms.
Microsatellite loci were isolated by the biotin-enrichment methods of Kijas et al . (1994) and Ronald et al . (2000) with slight modifications as described in detail by Kim & Sappington (2004) . Briefly, pooled genomic DNA from 50 rootworm adults was digested with Nde II, and DNA fragments 250 -600 bp long were purified. The biotinylated capture probe was annealed to the DNA fragments linkered with an Nde II compatible end (Ronald et al . 2000) , incubated with magnetic beads, and washed with 1X SSC at an optimized temperature [70 ° C for (CA) 15 , 63 ° C for (CT) 15 , 68 ° C for (AGC) 7 , 58 ° C for (GAG) 7 , 60 ° C for (GATA) 6 ]. The DNA was reamplified by PCR, the desired size fragments purified and ligated into pGEM T-vector (Promega), and the plasmid DNA isolated.
A total of 324 clones (268 dinucleotide repeat clones and 56 trinucleotide repeat clones) were sequenced using a Beckman-Coulter CEQ 8000 Genetic Analysis System, and 54 clones were finally chosen to design microsatellite primer sets. The 5 ′ -end of forward PCR (polymerase chain reaction) primers were labelled with Beckman-Coulter phosphoramidite flourophores enabling detection by the automated sequencer. An exception was the DVV-D8 marker, where the reverse primer was labelled.
Preliminary screening of the 54 microsatellites revealed that 25 were polymorphic. Subsets from among 17 of these were tested for compatibility in PCR multiplexing ( Table 1) and 0.5 unit Taq polymerase (Promega) in a total volume of 12.5 µ L. The PCR conditions consisted of denaturation for 3 min at 94 ° C; followed by 30 cycles of 1 min at 94 ° C; 1 min at 57 ° C; and 1 min at 72 ° C, and a final extension at 72 ° C for 10 min. Multiplexing was successful for the sub-
Variability of the 17 microsatellites was surveyed in 59 wild western corn rootworm individuals collected in central Iowa in 2003 (Table 1 ). The number of alleles per locus ranged from two in DVV-T3 to 20 in DVV-D8 , and expected heterozygosity values ranged from 0.229 in DVV-D5 to 0.881 in DVV-D8 . Eight of the 17 loci showed significant deviations from Hardy-Weinberg proportions ( P < 0.05) ( Table 1) . After correction for multiple tests [adjusted significance (5%) threshold = 0.00294], five markers still exhibited deviation from Hardy-Weinberg equilibrium (HWE).
In a preliminary analysis of four families (25 offspring per family), seven markers, DVV-D1 , DVV-D3 , DVV-D6 , DVV-D7 , DVV-D12 , DVV-D13 , and DVV-T1 did not display a Mendelian mode of inheritance in that at least one offspring did not exhibit one of the parents' alleles. DVV-T4 primers did not amplify DNA from two wild WCR individuals despite other markers being amplified well. All these markers, except DVV-D1 , deviate significantly from Hardy-Weinberg proportions in the direction of heterozygote deficiency (Table 1) . Thus, the primers for these markers are not likely to be useable in population studies (Raymond & Rousset 1995). and will need to be redesigned. Although the occurrence of null alleles cannot be excluded for the other markers, 9 of the microsatellites appear to be inherited in a Mendelian fashion and are promising for population genetics studies of the western corn rootworm.
We tested the 17 microsatellites developed in this study for cross-amplification of DNA from Mexican corn rootworm (D. virgifera zeae Krysan & Smith), northern corn rootworm (D. barberi Smith and Lawrence), and southern corn rootworm (D. undecimpunctata howardi Barber). Each primer set was analysed against a panel of five individuals from each taxon. PCR reactions were carried out using a single marker per reaction tube. Initially, PCR was conducted at an annealing temperature of 57 °C. If a clear amplification product was not observed on a 1.7% agarose gel in 0.5 X TBE buffer, PCR was tried again using the touch down method, conducted with a one-degree reduction at each cycle from 60 °C to 53 °C, followed by 28 cycles at an annealing temperature of 53 °C.
Of the 17 microsatellites examined for cross-amplification, all amplified DNA of the Mexican corn rootworm, a subspecies of the western corn rootworm, and six amplified DNA of the northern corn rootworm ( Table 2 ). In contrast, only two markers (DVV-T1 and DVV-T2) amplified DNA of the southern corn rootworm. Primers for many markers produced nonspecific bands in northern and southern corn rootworms. Accordingly, various types of PCR conditions, such as different concentrations of MgCl 2 and/or less stringent annealing temperatures, may improve the success rate of cross-amplification of DNA from these two species.
